Cognitive decline can accompany otherwise healthy aging. The degree of variance in cognitive performance among aging individuals, and moreover among cognitive domains in those individuals displaying decline, is consistent with compensatory mechanisms \[[@ref001]\]. Physical changes in neuronal circuitry accompany development, maturation, and senescence \[[@ref003]\]. While cognitive decline is often associated with aging, functional decline in connectivity of large-scale brain networks are observed over the entire adult life span \[[@ref004]\]. Some aspects of cognitive decline manifest as early as the second to third decade of life \[[@ref007]\]. It therefore remains unclear whether or not cognitive performance declines throughout adult life, and reaches a threshold reflected by cognitive impairment during advanced age. This highlights the importance of preventative measures prior to any detectable cognitive decline. Despite age-related decline in neural plasticity, considerable cognitive reserve persists during aging \[[@ref008]\]. Lifestyle modifications including nutritional and social enrichments and cognitive exercise/training can enhance and preserve cognitive performance in older adults \[[@ref013]\]. Moreover, multiple studies indicate that improved nutrition promotes and maintains cognitive performance throughout the entire life span including aged as well as young adults \[[@ref020]\]. Recent studies highlight that nutritional supplementation also maintains functional connectivity during aging \[[@ref027]\].

Monitoring of executive function is particularly useful to assay cognitive performance \[[@ref028]\]. The Trail-Making Test (TMT) is a well-recognized standard neuropsychological test of executive function useful not only for assessment of cognitive decline associated with progression of mild cognitive impairment (MCI) and dementia, but is also useful to monitor cognitive decline that may accompany otherwise healthy aging \[[@ref029]\]. Participants in part A of this test (TMTA) are asked to connect a series of numbers (1--25) in order. This is immediately followed by part B (TMTB), in which participants are asked to connect a series of alternating numbers and letters in order (1,A,2,B,3,C,4,D, etc.). Tracking these alternating sequences in TMTB is particularly useful for examination of the influence of age on otherwise healthy cognitive performance, since slowing of "switching" of tasks has been observed in elderly versus younger adults \[[@ref031]\]. The length of time for completion of each test is recorded, which allows monitoring of an individual's improvement or decline over time. In both cases, they coached through an untimed practice sample immediately prior to testing and their understanding of the task is ascertained prior to commencing. Performance on this test is subject to a variety of impairments and can detect difficulties in neuromuscular coordination and in following simple instructions (TMTA) to executive function (TMTB) \[[@ref032]\]. Performance on the TMT is also subject to participant age and education. Slower TMT-B completion in older adults was positively correlated with thinning of frontal, temporal, and parietal cortex \[[@ref033]\].

The usefulness of the TMT has been expanded by the compilation of normative scores encompassing a wide age range (18--79), as well as the education level of the participant \[[@ref034]\]. Tombaugh \[[@ref034]\] presents tabulated scores based upon a total of 911 community-dwelling individuals, which are classified by time of completion of TMTA and, separately, TMTB ([Table 1](#adr-2-adr180056-t001){ref-type="table"}). Age groups consist of either 5 or 10-year spans. For individuals 55 years of age or older, education can influence executive function \[[@ref018]\] and exerts a positive influence on scoring in the TMT; Tombaugh \[[@ref034]\] therefore presents two sets of normative scores for age groups ≥55 years of age: those with 0--12 years of education, and those with 12+ years of education ([Table 1](#adr-2-adr180056-t001){ref-type="table"}). [Table 1](#adr-2-adr180056-t001){ref-type="table"} presents a subset of the stratification relevant to our study. These normative scores allow comparison of performance among a diverse population and assist in characterizing the level of an individual's performance versus the anticipated performance for that individual's age and education level \[[@ref029]\]. Notably, Tombaugh \[[@ref034]\] has been cited over 1,500 times \[[@ref036]\].

###### 

A subset of stratified scores for TMTB

  Age/Education    Normative Scores on TMTB
  --------------- --------------------------
  18--24                  47.0±12.7
  25--34                  50.7±12.4
  35--44                  58.5±16.4
  45--54                  63.8±14.4
  55--59 (12+)            68.7±21.0
  60--64 (12+)            64.6±18.6
  65--69 (12+)            67.1±09.3
  70--74 (12+)            86.3±24.1

"12+" is the designation that the particular cohort has completed 12 or more years of education; normative scores for cohorts of these ages with 0--12 years of age are not shown. Normative scores are reported as the mean±standard deviation in seconds. The age cohorts 25--34, 35--44, and 45--54 did not display education-dependent differences. See Tombaugh \[[@ref034]\] for more details.

###### 

Comparison of cohorts from Chan et al. \[[@ref037]\] with normative data stratified according to age and education level according to Tombaugh \[[@ref034]\]

  Participant Age Group    Number of Participants   Years of Education   Baseline Scores   Norm. Scores   Score of Chan et al. cohorts after treatment   Change in Score for Chan et al. cohorts   Average improvement in performance
  ----------------------- ------------------------ -------------------- ----------------- -------------- ---------------------------------------------- ----------------------------------------- ------------------------------------
  35--44                             5                     n/a             61.2 (19.4)     58.5 (16.4)                      46 (9.2)                                     --15.2                                   15%
  45--54                             14                    n/a               56 (13)        63.8 (14)                      44.6 (12)                                     --11.4                                   20%
  55--59                             9                     12+             61.8 (13.8)     68.7 (21.0)                    58.1 (12.6)                                     --4.7                                   5.9%
  60--64                             16                    12+              68.5 (24)      64.6 (18.6)                    56.9 (16.5)                                    --11.6                                  16.9%
  65--69                             9                     12+              74.3 (31)        67.1 (9)                      61.8 (21)                                     --12.6                                   16%
  70--74                             11                    12+            104.7 (58.5)      86.3 (24)                     81.82 (32.6)                                   --22.9                                  21.9%

Values for scores are the mean in seconds, with standard deviation in parenthesis.

Chan et al. tested the impact of lifestyle modification (via nutritional supplementation) on executive function in a cohort of adults of diverse ages that had no known nor suspected dementia; the details of the supplementation are well-described in prior reports and need not be reiterated herein \[[@ref037]\]. As described \[[@ref038]\], participants consisted of both genders 18--86 years with no known or suspected cognitive difficulties. Executive function was monitored using the TMT prior to and following supplementation for 3 months \[[@ref037]\]. Cohorts randomized to the formulation or placebo were statistically identical in age, gender, education, and baseline performance on the TMT. After 3 months, the cohort receiving the formulation had improved statistically compared to their own baseline performance and to that of the cohort receiving the placebo. An additional cohort receiving the formulation under open-label conditions displayed improvement statistically identical to that of the cohort receiving the formulation under blind conditions.

We considered that the diverse age range of participants in this study provided an opportunity to determine whether or not there were differential responses among younger versus older individuals. We therefore analyzed herein the performance on TMTB of different age groups of individuals receiving the formulation stratified according to Tombaugh as follows: 35--44, 45--54, 55--59, 65--69, and 70--74 years of age \[[@ref034]\]. According to Tombaugh, the age groups 35--44 and 45--54 do not display education-dependent differences in the TMT, while those 65--69 and 70--74 do \[[@ref034]\]. Since all but a few participants in Chan et al. had completed 12+ years of education, those within in the age ranges of 55--59, 60--64, 65--69, and 70--74 are exclusively those with 12+; individuals aged 35--44 and 45--54 were not stratified according to education level \[[@ref034]\].

All age groups displayed improvement in TMTB over 3 months ([Table 1](#adr-2-adr180056-t001){ref-type="table"}). The standard deviations for the participants in Chan et al. (both before and after treatment), as well as those for the normative scores provided by Tombaugh et al., are large, which precludes definitive comparisons \[[@ref034]\]. However, the extent of improvement for most cohorts of Chan et al. resulted in averages scores that corresponding to younger normative age groups. For example, the mean baseline score for the cohort from 35--44 years of age initially fell within the anticipated normative range according to Tombaugh et al. However, following treatment, this cohort displayed a mean baseline that instead corresponded to the normative range of 18--24 years of age. Similar shifts in mean scores were observed for cohorts of Chan et al. that were 55--59, 60--64, and 65--69 years of age. Baseline mean performance of the cohort 70--74 years of age was substantially worse than the mean anticipated normative score, although their performance was within the normative standard deviation; however, their extent of improvement (21.9%) not only matched or exceeded that of all other cohorts, but also brought them within their anticipated normative score. By contrast, the cohort from 55--59 years of age displayed a relatively small reduction as compared to other cohorts. However, it should be noted this cohort was already performing approximately 10% better at baseline than anticipated according to normative scores. Of note, the average normative score for the 50--59 year age group was higher than that for both the 60--64 and 65--69 year age groups; the significance of differential performance of this cohort is unclear ([Table 1](#adr-2-adr180056-t001){ref-type="table"}) \[[@ref034]\].

The nature and extent of cognitive decline including executive function can vary \[[@ref039]\]. Monitoring of executive function is particularly useful to track progression from normal aging to MCI and Alzheimer's disease \[[@ref028]\]. However, even in the absence of dementia, cognitive decline, and in particular a decline in executive function, profoundly impacts quality of life, since it can lead to impaired decision making, including those affecting health and financial well-being \[[@ref040]\].

While multiple studies indicate that improved nutrition promotes and maintains cognitive performance throughout the entire life span, most studies include a relatively narrow age range of participants \[[@ref020]\]. Studies of healthy adults may include individuals with unrecognized early-stage dementia; such individuals may not display any impairment in daily cognitive and/or behavioral function but may nevertheless perform worse than anticipated for their age in executive function tasks \[[@ref043]\]. Several such individuals were identified among those self-reporting no cognitive difficulties among the aged cohort of Chan et al. \[[@ref037]\] and the scores of these individuals were excluded from further analyses as described \[[@ref038]\]. Herein, the aged cohort (70--74 years of age) improved to the same or even greater extent than did all younger cohorts, despite that the aged cohort had the slowest baseline scores; this finding supports the notion of cognitive reserve. The inclusion of diverse ages of participants within Chan et al. \[[@ref037]\] provides direct support that improvement in executive function can occur across the adult life span following a nutritional intervention and that older adults can display an extent of improvement that parallels that of younger adults. Notably, while the performance of a total of 64 individuals were examined, once separated into cohorts according to Tombaugh \[[@ref034]\], the number of individuals in each age group was relatively small; a larger study is therefore warranted. Nevertheless, these findings underscore the potential of early intervention to enhance the retention of cognitive reserve in older adults.
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